)-A036  519 


unclassified 


BELL  HELICOPTER  TEXTRON  FORT  WORTH  TEX  F/e 

TAILBOOM  failure  DURIN6  AUT0R6-iE?C(U) 
_ DAAJ01-70-C-0057 


206-194-134 


USAAVSCOM-TR-77-14 


AO 

4036519 


MICROCOPY  RtSOLUllON  TtST  CHART 

NAtlONAi  HUH  An  i’‘  '.lANHAKPS  ••  A 


AOA036519 


USAAVSCOM 
REPORT  - TR  77-14 


FLIGHT  TEST  EVALUATION  OF  0H-58A 
TAILBOOM  FAILURE  DURING  AUTOROTATION 
LANDINGS 

Thomas  L.  Sanders 
BELL  HELICOPTER  COMPANY 
Post  Office  Box  482 
Fort  Worth  Texas  76101 

14  March  1973 
Finj^feport 

APPROVED  FOR  PUBLIC  RELEASE 
DISTRIBUTION  UNLIMITED 

Prepared  for 

U.S.  ARMY  AVIATION  SYSTEMS  COMMAND 
Maintenance  Engineering  Division 
Post  Office  Box  209 
St.  Louis,  MO  63166 


security  classification  of  This  page  (When  Detm  Entered) 


READ  INSTRUCTIONS 


REPORT  DOCUMENTATION  PAGE 


BEFORE  COMPLETING  FORM 


3.  RECIPIENT'S  CATALOG  NUMBER 


2.  GOVT  ACCESSION  NO 


USAAVSCOM!tR-77**14 


TYPE  OF  REPORT  ft  PERIOD  COVERED 


#.*  Sutftfttei 


L|XIGHT  TEST  gVALUATION  OF  0fl58A  TAILBOOM 

Failure' duriSg  autorotation  landings, 


Final  re 


6 PERFORMING  ORG.  REPORT  NUMBER 

) 206-194-134  I 

».  CONTRACT  OR  GRANT  NUMBERC«J 


7.  AUTHORCaJ 


THOMAS  L. /SANDERS 


DAAJ01-70-C 


0057j:«^ 

program  ELEMENT,  project 
AREA  & WORK  UNIT  NUMBERS 


9.  PERFORMING  ORGANIZATION  NAME  AND  a6DREI 


Bell  Helicopter  Company 
P.O.  Box  486 


DA  Form  3T49R 
Data  Item  05-005 


Ft.  Worth.  TX  76101 


13.  number  of  pages 


15.  SECURITY  class:  (oI  this  tapottj 


4 MONITORING  AGENCY  NAME  4 ADDRESSf// d//ferent  Irom  Controlling  Olfice) 

Commander 

US  Army  Bell  Plant  Activity 
P.O.  Box  1605 

Ft.  Worth.  TX  76101 

6.  distribution  STATEMENT  fo/ (/iI»  Reporo 


UNCLASSIFIED 

15»,  DECLASSIFIC  ATI  ON 'down  GRADING 
SCHEDULE 


Approved  for  public  release;  distribution  unlimited 


17.  Distribution  statement  (ol  *he  abetract  entered  in  Block  30,  i(  different  from  Report) 


18  SUPPL  EmEnTARY  notes 

This  report  presents  the  results  of  Product  Improvement  Task  69-45 
USAAVSCOM  TR  77-10  for  additional  information. 


18  KEY  WORDS  f Continue  on  reverse  side  if  necessary  and  identify  by  block  number) 

Flight  test,  Ground  tiedown  evaluation.  Instrumentation,  Test  Helicopter 
Ground  run  results.  Flight  Results,  Tailboom  Failure  Evaluation,  Reduced 
Collective  Evaluation,  (USAASTA)  Test  Results. 


EDITION  OF  I NOV  65  IS  OBSOLETE 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  Data  Enlarad) 


BELL 

HELICOBXER  comraimy 


POST  OFFICE  BOX  482  • FORT  WORTH,  TEXAS  76101  A taXtrOOl  COMPANY 


TECEKHCAL  DATA 


MODEL  OH-58A  No.  of  Poges  59  Size  "A” 


REPORT  No.  206-L94-L34  DATE3-li4_73 


TITLE 

FLIGHT  TEST  EVALUATION  OF  OH-5 8 A 
TAILBOOM  FAILURE  DURING  AUTOROTATION 
LANDINGS 


PREPARED  UNDER  CONTRACT  DAAJOl- 70 -C-005 7 ( 2E ) 


PROPRIETARY  RIGHTS  NOTICE  IS  ON  PAGE  ii. 


0.  E.  R.* 


DATE 


DATE 

DATE  -yj  . 

DATE  7J3 

DATE  

DATE  

DATE  

DATE  


WHEN  APPLICABLE 


This  data  is  furnished  with  unlimited  data  rights 
to  the  U.  S.  Government  in  accordance  with  the 
provisions  of  Contract  No.  DAAJ01-70-G-0057 . 


HlrLICOf^TER  czomhanv 


Use  Of  disclosure  ot  ildld  on  tfus  is 
subject  to  tfie  restrution  on  ttu*  lille  PiKj»‘ 


i 


LIST  OF  FIGURES 

Figure  Page 

1-10  Collective  Stick  Position  Versus  Main  Rotor  Speed 

During  Run-On  Auto  Landing  11-20 

11  Time  History  of  Normal  Autorotation  Landing  21 

12  Time  History  of  Autorotation  Landing  with  Tailboom 

Failure  22 


13  Runway  Contact  During  Aut' rotnt  '.on  Landing  with 
Tailboom  Failure 

14-20  BHC  Photographs  of  Tailboom  Failure 

21-22  Pylon  Position  During  Tailboom  Failure 

23  Collective  Cable  Restraint  as  Installed  on  the 
Model  OH-58A,  S/N  41155 

24  Collective  Stick  Position  Versus  Main  Rotor  Blade 
Angle 

25-30  Time  Histories  of  Autorotation  Landings  Obtained 
with  FAA  Runk  Grid  Camera 

31  Time  History  of  Autorotation  Landing  by  USAASTA 
Test  Team 

32-34  Height-Velocity  Time  History  Plots 

35  Runway  Gradient  at  Arlington  Airport 


23  : 

I 

24-27  j 

I 

28-29  I 

’1 

30  ! 

32-37 

38 

39-41 

42  I 

! 

I 

! 

t 

i 

I 


206-194-134 


IV 


© 


BELL. 

HELICOBTER  oomoanv 


Use  or  disclosure  oi  djfd  on  this  pd*;^  is 
subject  to  the  restriction  on  the  title  p*Kje. 


Table 

I 

II 

III 

IV 


LIST  OF  TABLES 

Instrumentation  Set-Up  Sheets 
Log  of  Flights 
Oscillograph  Parameters 

Height-Velocity  and  Runway  Gradient  Grid  Camera 
Data 


Page 

43 

47 

49 

50 


Vtl' HELIOORTOR  coMFvvNV 


Use  or  disclosure  of  dufj  on  this  pd<;e  is 
subject  to  the  restfution  un  the  litu  ;**x»p 


FLIGHT  TEST  EVALUATION  OF  OH-58A 
TAILBOOM  FAILURE  DURING  AUTOROTATION 

LANDINGS 

SUMMARY 

A flight  test  program  was  initiated  in  September  1971,  under  Contract 
No.  DAAJ01-70-C-0057 (2E ) and  Product  Improvement  Task  No.  69-45,  to 
investigate  the  cause(s)  of  the  Model  OH-58A  tailboom  failures  occur- 
ring in  service  and  to  explore  methods  of  eliminating  this  type  of 
failure. 

A three  phase  company  investigation  was  initiated  and  consisted  of  (1) 
a mathematical  analysis  and  associated  computer  runs,  (2)  a series  of 
ground  vibration  tests,  and  (3)  a ground  tiedown  and  flight  test.  The 
results  of  the  flight  evaluation,  phase  3,  are  presented  in  this  report. 

Two  Model  OH-58A  Helicopters,  S/N's  41080  and  41155,  were  utilized  dur- 
ing the  evaluation. 

With  a telemetry  capability  of  monitoring  critical  parameters,  a series 
of  tests  were  conducted  and  data  obtained.  Analysis  of  the  data  that 
were  recorded  during  autorotations  showed  that  when  touchdo^'/ns  were  made 
at  abnormally  high  speeds  and  at  abnormally  low  rotor  rpm,  aft  fuselage 
wrinkling  and  failure  of  the  tailboom  occurred.  This  damage  occurred 
when  loads  were  introduced  into  the  fuselage  at  the  pylon  spike  stops 
via  the  main  rotor  flapping  stops.  This  was  demonstrated  during  the 
evaluation  when  a tailboom  failure  was  duplicated  to  study  the  influ- 
ential circumstances  associated  with  the  failure. 

Results  of  this  test  indicate  that  autorotation  touchdown  airspeeds  in 
excess  of  30  knots  should  be  avoided  and  upon  ground  contact  the  col- 
lective should  be  smoothly  reduced  as  soon  as  touchdown  conditions  per- 
mit. Also,  tests  conducted  with  the  collective  range  reduced  by 
approximately  20  percent  showed  a substantial  reduction  in  main  rotor 
flapping  and  pylon  behavior. 

From  the  results  of  this  test,  it  is  concluded  that  the  tailboom  fail- 
ures experienced  by  the  Army  (which  caused  initiation  of  this  test  pro- 
gram) would  not  have  occurred  had  proper  autorotative  techniques  been 
observed.  That  is  to  say  that  primarily  cyclic  control  should  be 
utilized  to  flare  the  helicopter  so  as  to  arrest  forward  airspeed  and 
initial  rate  of  descent.  Application  of  collective  thereafter  should 
occur  and  only  in  close  proximity  to  the  ground  to  arrest  rate  of 
descent  for  the  last  few  feet  of  altitude  until  ground  contact  is  made. 
Upon  ground  contact,  collective  should  be  smoothly  reduced  as  soon  as 
practical;  not  increased.  This  technique  is  recognized  by  helicopter 
pilots  throughout  the  world  as  the  safe  and  proper  method  of  making  a 
full  autorotative  landing.  Conversely,  a technique  of  flying  the  heli- 
copter to  the  ground,  primarily  by  the  use  of  collective,  is  improper 
in  that  (1)  it  is  inherently  unsafe  (miscalculation  by  the  pilot  can 
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result  in  the  helicopter  being  too  high  off  the  ground  with  no  arrest- 
ing capabilities  remaining),  and  (2)  it  results  in  abnormally  high 
touchdown  speeds  and  abnormally  lo^7  rotor  rpm.  Other  types  of  rotor 
systems  for  other  helicopters  flown  in  this  manner  are  equally  unfor- 
giving. 

Tests  were  conducted  at  the  Bell  Helicopter  Company  (BHC)  Flight 
Research  Center,  Arlington,  Texas. 
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FLIGHT  TEST  EVALUATION  OF  OH-58A 
TAILBOOM  FAILURE  DURING  AUTOROTATION 
■ LANDINGS 

INTRODUCT ION 

A flight  test  program  was  initiated  to  investigate  U.  S.  Army  reported 
OH-58A  tailboom  failures  during  autorotation  touchdown  landings.  The 
intent  of  the  investigation  was  to  explore  methods  or  techniques  of 
eliminating  these  failures  and  make  appropriate  recommendations. 

A standard  Model  OH-58A  Helicopter,  S/N  41080,  was  instrumented  and 
several  hypotheses  were  to  be  investigated.  Test  emphasis  was 
directed  towards  the  following  ground  and  possible  flight  evaluations. 

A.  Ground  Run  Tiedown  Evaluation  of 

1.  Baseline  pylon  stability. 

2.  Effect  of  first  and  second  drive  system  torsional  mode  on 
pylon  damping. 

3.  Blade  chord  natural  frequency  and  feedback  at  high  collective 
pitch . 

4.  Damping  of  pylon  fore  and  aft,  lateral  mode. 

5.  Coriolis  Force  Excitation. 

B . Possible  Flight  Evaluation  of 

1.  Binding  of  the  main  rotor  flapping  bearings  under  high  collec- 
tive pitch  and  low  rotor  speed  resulti.ng  in  an  unstable  rigid 
rotor  effect  producing  pylon  whirl  and  pylon  stop  contact. 

2.  Rotor  blade  resonant  amplification  (chord  and/or  beam)  which 
could  produce  large  pylon  motions  and  high  control  loads. 


3.  The  effect  of  significant  rotor  out-of-balance  resulting  in 
excessive  pylon  response  and  possible  contact  of  the  pylon 
stops  as  pylon  modes  are  transitioned. 

4.  Pylon  whirl  induced  by  pylon  stop  contact  with  high  rotor  con- 
ing, sustained  and  amplified  by  symmetric  chordwisc  deflection 
of  the  rotor  blades. 


5.  High  main  rotor  one-per-rev  hub  forces  produced  by  Coriolis 
accelerations  resulting  from  cyclic  inputs  in  the  presence  of 
high  rotor  coning. 


Additional  tests  were  conducted  on  the  Model  OH-58A  Helicopter,  S/N 
41155,  to  evaluate  a reduction  in  the  available  collective  range. 


206-194-134 


INTRODUCTION  - (cont) 


Flights  were  performed  at  the  BHC  Flight  Research  Center,  Arlington, 
Texas.  The  first  ground  run  was  conducted  on  20  September  1971  and 
the  last  flight  was  completed  24  November  1971. 

The  dynamic  characteristics  of  the  rotor,  pylon,  drive  train,  fuselage, 
and  skid  gear  were  evaluated  in  detail  by  the  Dynamic  Group  and  results 
are  on  file  but  not  presented  in  rhis  report. 


i 


! 


The  airborne  data  acquisition  system  installed  in  the  Model  OH-58A 
Helicopter,  S/N  41080,  consisted  of  an  oscillograph  recorder  and  a 
telemetry  package. 


The  oscillograph  was  a standard  18  channel  Consolidated  Electrodynamics 
Corporation  Model  S-114-P3  recorder  with  galvanometers.  A calibrate 
equivalent  was  used  to  correlate  the  initial  calibration  with  the  data 
obtained. 

The  telemetry  package  consisted  of  BHC  designed  signal  conditioning 
modules,  vector  voltage  controlled  oscillators.  Model  TL407,  and  a 
conic  "L"  band  telemetry  transmitter.  The  telemetry  link  had  a maxi- 
mum capacity  of  13  data  channels.  The  signal  conditioning  modules 
are  the  passive  type,  and  insert  a calibration  signal  at  the  end  of 
each  data  point.  The  incoming  telemetry  multiplex  signal  includes  a 
system  status  and  reference  signal  which  is  recorded  on  magnetic  tape 
in  the  Ground  Data  Center.  Brush  charts  are  used  for  real  time  dis- 
play allowing  data  parameters  to  be  reproduced  as  they  occur. 

Calibrations 

Standard  procedures  were  used  by  the  BHC  Standards  and  Calibration 
Laboratory  to  instrument  the  test  helicopters.  Table  I presents  a 
list  of  calibrated  items  and  their  respective  calibration  numbers. 


A log  of  all  ground  runs  and  flights,  listing  the  date,  flight  and/or 
ground  run  numbers,  duration  time  and  configuration,  is  shown  in 
Table  II. 
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TEST  HELICOPTER 

The  test  helicopters  used  during  this  test  program  were  the  Model 
OH-58A  Bell  S/N's  41080  and  41155. 

S/N  41080;  Prior  to  the  test  flight  the  aircraft  was  leveled  and  the 
following  rigging  measurements  were  obtained. 

Main  Rotor  Mast  5°  forward,  1°  left 

Swashplate 

F/A  Cyclic  (full  throw)  +17.5°  forward,  +8.0°  aft 

Lateral  Cyclic  (full  throw)  +5.5°  right,  +8.0°  left 

Collective  Pitch  (full  throw)  -0,5°  down,  +16.6°  up 

S/N  41155;  Aircraft  was  received,  inspected,  and  instrumented.  The 
collect ive  pitch  was  measured  at  the  main  rotor  hub  and  the  minimum 
blade  angle  was  +0.4  degrees  and  the  maximum  blade  angle  was  +17.7 
degrees . 
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Ground  Run  Results 


The  aircraft  was  placed  on  tiedown  and  a series  of  ground  runs  were 
conducted.  Cyclic  inputs  at  approximately  1.0,  2.5,  and  5.0  cps  were 
made  to  obtain  baseline  pylon  stability  information  and  to  determine 
the  effect  of  first  and  second  drive  system  torsional  mode  on  pylon 
damping.  During  the  evaluation,  main  rotor  thrust  was  varied  from 
zero  to  approximately  2410  pounds. 

At  a main  rotor  speed  of  200  rpm  and  with  91  percent  collective,  the 
maximum  main  rotor  blade  chord  excitation  was  ±13,500  inch-pounds. 
Efforts  to  determine  the  blade  natural  frequency  were  unsuccessful. 

The  lateral  pylon  stops  could  be  contacted  with  a cyclic  input  at  a 
main  rotor  rpm  of  180  and  91  percent  collective.  Mast  bumping  could 
be  induced  with  100  percent  collective  and  at  a main  rotor  rpm  of  240. 
Pylon  contact  or  mast  bumping  did  not  reflect  any  unusual  loads  in  the 
main  rotor  or  fuselage.  A maximum  tailboom  stress  of  only  4000  psi, 
which  is  a nominal  load,  was  generated  with  a cyclic  input  of  approxi- 
mately 5.0  cps  with  a main  rotor  rpm  of  270  and  collective  at  86  per- 
cent. To  evaluate  the  Coriolis  effect,  cyclic  inputs  were  made  during 
a main  rotor  rpm  sweep  with  a blade  root  collective  of  10  degrees. 

Results  obtained  during  the  ground  runs  did  not  offer  any  insight  or 
peculiarities  that  might  suggest  tendencies  that  could  result  in  high 
tailboom  stresses.  Also,  it  was  very  difficult  to  determine  fuselage 
natural  frequencies  while  the  aircraft  was  secured  during  ground  run. 

As  a result,  the  decision  was  made  to  proceed  to  the  flight  evaluation. 

Flight  Results 


Since  the  tiedown  results  were  inconclusive,  investigation  efforts 
were  directed  towards  duplicating  the  tailboom  failures  reported  by 
the  Army.  With  a telemetry  capability  of  monitoring  critical  para- 
meters, a series  of  hovering  throttle  chops  and  touchdown  autorotations 
were  conducted.  During  a variety  of  autorotational  landings,  various 
techniques  of  cyclic  and  collective  application  at  a disparity  of  main 
rotor  rpm's  were  investigated.  Many  of  the  basic  hypotheses  became 
inconsequential  due  to  the  following. 

1.  Pylon  stop  contact  with  high  main  rotor  coning  did  not  indicate 
pylon  whirl  tendencies.  Lateral  pylon  spike  contact  could  be 
obtained  without  too  much  difficulty;  however,  no  unusual  loads 
or  peculiar  tendencies  were  evident.  Fore  and  aft  pylon  spike 
contact  was  very  difficult  to  obtain. 

2.  At  conditions  of  high  collective  pitch  and  low  rotor  speed,  there 
was  no  evidence  of  binding  in  the  main  rotor  flapping  bearing, 

o There  was  no  evidence  of  rotor  blade  resonant  amplification  that 
could  result  in  large  pylon  motions  and  high  control  loads. 
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RESULTS  AND  DISCUSSION  - (cont) 


Flight  Results  - (cont) 

4.  Cyclic  inputs  during  conditions  of  high  main  rotor  coning  did  not 
appear  to  influence  main  rotor  hub  forces. 


A total  of  36  touchdown  autorotation  landings  and  10  throttle  chops 
were  flown  to  obtain  data.  Analysis  of  autorotation  data  began  to 
suggest  certain  trends  of  maximum  main  rotor  flapping  with  high  touch- 
down airspeeds  at  low  main  rotor  speeds  of  200  rpm  or  less,  see 
Figures  1 through  10,  During  the  third  flight,  a tailboora  failure  was 
duplicated  to  study  the  influential  circumstances  associated  with  the 
failure, 

Tailboom  Failure  Evaluation 

A review  of  the  recorded  data  suggested  that  several  factors  contri- 
buted to  the  tailboom  failure  and  the  absence  or  reduction  of  any  one 
factor  was  sufficient  to  prevent  failure.  The _ characteristics  asso- 
ciated with  the  tailboom  failure  can  be  summarized  as  follows; 


1,  Prior  to  or  at  aircraft  touchdown,  the  collective  must  be  raised 
to  the  full  up  mechanical  stop  and  allowed  to  remain  at  the  up 
stop  until  the  main  rotor  rpm  decays  to  approximately  200  or  less, 

2,  Touchdown  airspeed  must  be  sufficient  to  provide  considerable  rotor 
inflow. 

3,  Main  rotor  blade  coning  and  flapping  must  be  sufficient  to  produce 
fore  and  aft  pylon  stop  contact. 

The  combinations  of  the  above  results  in  sufficient  rotor-fuselage 
inertia  to  produce  damaging  fuselage  stress  loading. 

Comparison  of  Figure  11,  a time  history  of  a normal  touchdown  autoro- 
tation, and  Figure  12,  a time  history  of  the  touchdown  autorotation 
when  the  tailboom  failure  occurred,  tend  to  substantiate  the  influence 
of  main  rotor  flapping  with  collective  position,  main  rotor  speed,  and 
pylon  behavior  associated  with  the  failure. 

Figure  13  shows  aircraft  ground  contact  and  subsequent  ground  roll, 
and  Figures  14  through  20  are  photographs  depicting  test  vehicle  damage 
that  occurred  during  the  evaluation.  Figures  21  and  22  depict  the 
extent  of  the  pylon  motion  during  the  failure. 

Main  rotor  control  and  blade  loads  were  normal  during  the  autorotation 
landings  and  only  increased  after  onset  of  the  tailboom  failure  condi- 
tion . 

A vertical  and  roll  acceleration  of  considerable  amplitude,  in  excess 
of  two  g's,  was  observed  in  the  cabin.  At  the  conclusion  of  the  land- 
ing, there  was  o doubt  by  the  flight  crew  that  damage  of  one  form  or 
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RESULTS  AND  DISCUSSION  - (cont) 

Tailboom  Failure  Evaluation  - (cont) 

another  had  been  sustained.  It  is  the  further  opinion  of  the  flight 
crew  that  a pilot  of  even  minimal  experience  would  recognize  that  the 
aircraft  had  experienced  an  abnormal  situation  and  would  conduct  an 
exterior  safety  of  flight  inspection  prior  to  a takeoff. 

Options  Available  for  Failure  Reduction;  After  careful  review  of 
available  data,  the  following  items  v/ere  evaluated  and  considered  as 
possible  methods  of  eliminating  or  reducing  the  possibility  of  a failure. 

1.  Determine  the  technique  the  U.  S,  Army  is  using  in  the  training 
of  new  and  transition  pilots,  and  the  rationale  for  their 
techniques.  Also,  recommend  modifications  of  existing  techniques 
if  deemed  appropriate. 

2.  Provide  cockpit  indicator  to  indicate  warning  of  excessively  hard 
landings  and  potentially  damaging  tailboom  vibrations. 

3.  Reduce  the  available  collective  range  to  avoid  excessive  dynamic 
loading  and  yet  maintain  adequate  height-velocity  margins. 

4.  Consider  basic  structural  modifications  to  stiffen  the  critical 
areas,  reduce  stress  levels,  and/or  produce  changes  in  dynamic 
response  characteristics  and  system  coupling. 

5.  Provide  mechanical  fixes,  such  as  pylon  viscous  or  friction  dampers, 
and  fuselage  impact  and/or  friction  dampers. 

Reduced  Collective  Evaluation;  After  reviewing  the  options  available, 
indications  were  the  best  solution  to  the  problem  was  that  improper 
autorotative  techniques  needed  revising.  However,  in  the  event  the  ship 
were  landed  improperly  it  was  judged  that  a reduction  of  the  collective 
range  would  be  beneficial.  As  a result,  a Model  OH-58A  Helicopter,  S/ N 
41155,  was  instrumented  ana  a series  of  tests  were  begun  to  determine  1 

the  feasibility  of  limiting  the  available  collective  pitch  during  auto- 
rotation landings  (Option  3),  This  reduction  was  accomplished  by  attach- 
ing an  adjustable  cable  on  the  copilot  collective  stick  that  physically 
limited  the  maximum  up  position  of  the  collective,  sec  Figure  23.  Fig- 
ure 24  shows  the  results  of  a hangar  calibration  of  collective  stick 
position  versus  main  rotor  blade  angle.  A scries  of  hovering  throttle 
chops,  slide  on  landings,  and  autorotation  touchdowns  at  various  per- 
cent of  collective  reduction  were  evaluated  to  determine  if  a reduc- 
tion in  the  available  collective  would  prohibit  maintaining  adcqUvitc 
height-velocity  margins.  During  the  hovering  throttle  chops  at  a gross 
weight  (GW)  of  3000  pounds,  there  was  a definite  change  in  the  charac- 
ter of  main  rotor  blade  stall  when  the  available  collective  blade  angle 
was  reduced  to  75  percent;  however,  time  airborne,  whicli  is  an  indicator 
of  rotor  capability,  was  also  reduced.  At  SO  percent  available  collec- 
tive the  time  airborne  after  throttle  chop  was  adequate,  3.b  seconds, 
and  pylon  motion  and  main  rotor  flapping  were  greatly  reduced. 
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RESULTS  AND  DISCUSSION  - Ccont)  i 

1 

Tailboom  Failure  Evaluation  - (cont)  I 

Reduced  Collecti.ve  Evaluation  - (cont) 

Six  autorotation  landings  were  accomplished  with  the  available  collec- 
tive pitch  reduced  by  approximately  20  percent^  and  Figures  25  through  , 
30  present  the  data  obtained  by  using  the  Federal  Aviation  Administra-  I 

tion  (FAA)  Runk  Grid  Camera.  Touchdown  calibrated  airspeed  varied  f 

from  24  knots  to  41  knots.  Table  III  presents  important  oscillograph  ;; 
parameters  recorded  during  the  autorotation  landings,  ii 

Test  results  indicate  that  the  probability  of  tailboom  failure,  with 
the  available  collective  range  reduced  by  approximately  20  percent, 
is  greatly  decreased  due  to  a reduction  in  main  rotor  flapping. 

A mathematical  analysis  and  associated  computer  study  were  conducted  j 
to  evaluate  the  tailboom  failure  problem.  The  study  was  concentrated 
in  the  area  of  main  rotor  flapping  versus  main  rotor  blade  angle  and  .j 
main  rotor  inflow  during  autorotation  touchdown.  Synopsis  of  the  i 

evaluation  concluded  that  main  rotor  flapping  benefits  derived  by  the  'll 
reduction  of  the  main  rotor  blade  angle  can  be  reduced  by  an  increase  | 
in  rotor  inflow.  However,  the  touchdown  airspeeds  required  to  produce  || 
the  mandatory  rotor  inflow  are  considered  excessive  and  unrealistic  ji 

for  normal  autorotation  touchdowns.  An  autox'otative  touchdown  in  ex-  | 

cess  of  40  kts  coupled  v;ith  improper  landing  techniques  is  judged  to  | 

be  outside  the  reasonable  and  mandatory  operating  envelope  of  the  |j 

helicopter.  As  a result,  it  can  be  concluded  that  the  probability  of  v] 
a tailboom  failure  would  be  greatly  reduced  by  improving  autorotation  -j 

techniques  to  avoid  high  speed  touchdowns  with  high  main  rotor  blade  j 

angles.  j 

U.  S.  Army  Aviation  Systems  Test  Activity  (USAASTA)  Test  Results  j 

A flight  evaluation  of  the  Model  OH-58A  Helicopter,  S/N  41155,  with  a 
reduced  collective  blade  angle  was  conducted  by  an  Army  test  team  at  1 

the  BHG  Flight  Research  Center,  Arlington,  Texas,  on  23  and  24  Novem-  j| 

ber  1971.  ij 

During  the  USAASTA  evaluation  the  helicopter  was  first  flown  in  the  ( 

standard  OH-58A  configuration.  The  adjustable  cable  on  the  copilot  J 

collective  stick  was  installed  prior  to  the  second  flight  to  limit  |i 

the  maximum  up  position  of  the  collective  to  80  percent  (13.6  degrees  r 
main  rotor  blade  angle  at  the  hub). 

A series  of  touchdown  landings  were  made  utilizing  techniques  that  had  f 

produced  tailboom  failures  in  the  past.  Figure  31  presents  a time  fj 

history  of  an  autorotation  touchdown  landing  that  produced  a consider-  |j 
ably  high  level  of  vertical  tailboom  excitation  with  a near  damaging 
stress  of  17,586  psi.  The  pilot  reported  the  touchdown  airspeed  was  : 
probably  in  excess  of  40  knots  indicated  airspeed  (KIAS).  Visible  ; 

airframe  damage  was  limited  to  minor  pylon  upper  cowling  contact  and  jj 
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RESULTS  AND  DISCUSSION  - (cont) 

USAASTA  Test  Results  - (cont) 

cracked  fiberglass  fairing  at  the  tailboom  connection  area.  Aircraft 
damage  was  considered  minor  and  tests  continued.  This  documented  auto- 
rotation landing  incident  is  an  additional  substantiation  of  the  com- 
puter study  results. 

The  Army  test  team  also  conducted  tests  to  determine  if  the  present 
height-velocity  margins  could  be  maintained  when  the  available  collec- 
tive range  was  reduced  to  avoid  excessive  dynamic  loading.  Data  were 
obtained  by  using  the  FAA  Runk  Grid  Camera  and  results  are  presented 
in  Figures  32  through  3^\ . Table  IV  presents  the  height-velocity  time 
history  data.  Figure  35  shows  the  runway  gradient  at  the  test  site. 
Maximum  available  collective  was  limited  to  85  percent.  Results  of 
the  evaluation  indicated  that  the  maximum  collective  utilized  during 
the  autorotation  was  7U  percent  and  as  a result,  shows  that  adequate 
collective  is  available  to  maintain  present  height -velocity  margins 
at  the  altitude  the  test  was  conducted. 
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CONCLUSIONS 

A flight  test  program  to  investigate  OH-58A  tailboom  failures  during 

autorotation  landings  and  explore  methods  of  eliminating  these  fail- 
ures has  been  completed. 

The  following  conclusions  are  made  on  the  basis  of  the  subject  flight 

test  program. 

1.  The  results  obtained  during  the  ground  run  were  inconclusive. 

2.  Efforts  to  duplicate  a tailboom  failure  were  successful  and  as  a 
result,  many  of  the  original  hypotheses  to  be  investigated  became 
inconsequential . 

3.  The  combination  of  maximum  main  rotor  blade  angle  and  flapping, 
low  rotor  rpm,  rotor  inflow,  and  pylon  contact  (fore  and  aft) 
has  sufficient  rotor-fuselage  inertia  to  produce  damaging  fuse- 
lage stress  loading. 

4.  With  the  available  collective  range  reduced  by  approximately  20 
percent,  test  results  indicate  that  the  probability  of  tailboom 
failure,  resulting  from  improper  autorotation  techniques,  is 
greatly  reduced  due  to  the  reduction  in  main  rotor  flapping. 

5.  The  probability  of  tailboom  failure  would  be  eliminated  by  ob- 
serving proper  autorotation  techniques,  thereby  avoiding  high  speed 
touchdowns  with  high  main  rotor  blade  angles. 
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